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Floating Zone-Refining of Iron in the Atmosphere

of H,0-H,-O, Gas Mixture

Synopsis:

Tadahisa NAKAMURA and Tsuneaki SAKAKI

Zone-refining of iron was tried with the oxidization refining. The original material was vacuum-

melted iron.
are summarized as .follows:

The atmosphere of zone-refining was the wet or dry hydrogen

The results obtained

(1) Zone-refining in dry hydrogen was. not effective. .. :
(2) Zone-refining in-wetdiydrogen:was effective: and the:value:- of electrical resistivity ratio P pr/f4-22K of

123 was obtained after one pass refining.

(3) Materials coated with CaO-SiO;’ oxide mixture was zone-refined in wet hydrogen and the ratio
0 g7/ P4-2°K became to_the value of 157, showing the highest purity in the present study.

(4) From (2) and (3), it is supposed-that-the purification of iron is' dependent upon the oxidation refining.

(5) Non-metallic inclusivis-wets includedsin the vacuumrmelted iron but removed effectively during zone-

refining.

(6) Zone-refiiéd-irorvin werhydregenhad:very lowlower-yield stress of 13-2 kg/mm? and. very low amount

of increment: of . flow:stress-duecto:work.hardening:of.2:5 kg/mm? during the strain of 5 to 10 per cent. | o

(Received July 25, 1968)
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Table 1. Impurity elements contained in electrolytic irons and vacuum melted iron (in ppm),

and the distribution coefficient values of impurity elements in iron.
. | Electrolytic iron made by Showa Denko Co.6> | Vacuum melted T
Impurity a 4 ; Y ) iron (original Distribution
elements | Fcl ) material of coefficients®

| -class M-class Re-electrolytic | ,one refining)

Al 60*

As 5 3 0-4

B ® 0-07

C 30 50 40 30*or 50+ 0-2

Ca ®

Cl 430 :

Co 90 100 100 0-8

Cu 60~70 40 40 ® 0-4

H 10~30 40~50 1-2 0-5

Mg

Mn 30~40 50 40 0-1

Mo. ®

N " 25~-35 13~ 16 11

Ni . 40 50 | 50 0-3

O 1600~3000 800~ 1500 125° ~0-2

P 30 40 30 0-05

Pb v 3~7 I~4

S 20 50 40 10% 0-08

Si : 30 50 40 70% 05

Ti ® 05

Zn 10~30 25~30

* by quantometer, * by chromatic analysis,

Mn, N, Ni, P, S, Si, Zn(10~50ppm); Co, Cu(50
~200ppm); Cl, O(200 ppm b)), EZEHFEMRIC L DT
BALTL B LEEZLNEILEIT Al, Ca 33 L0Mg
BHb. )
23" LA
BRFHRCEEN TV L ARMWITRE OB, TIERBRL X h
RTVTEENDH D, LIt D TKER AT & LAHO0
-“Hp-O; REHNAZFER P THBH 2T BRI
BT WAMMTREEZE LN E L CHRETELRALLES
3. SKITE T TV B AT EM OB LR G,

aM+£0,-M,05,

U__——aMaOﬁ—= _dFl i l
o8 s G077 "4 575T D
FHSK A 2 DFEL,
Hz—l-‘;‘Oz:HZO:
—4F
log—PH20 L (2)

pu,po, M2 4°575T

TEHEZBND. TITT MeOgp idaakLcfb, auk
XU ame0p BENRFNM & IO M, 03 DIFEREFD
L, pH, po, BIU puo BERK[/TAEZHEL TV
%5 Hs, O 3XUHO o4, TRIEMWSIORLHh
KELTVWHEAKAN ADIRE (#EIRE 1850°K),

AF, It M.Op OAEROBERT 2 V¥ —, 4dF 13
HO 4B OBE BT I VF —2Kbd. B Ml.Os

° by vacuum fusion,

(O detected by epticat analysis
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EEMETLTREDNESEEL T L0br 5. ERZ
Fig. l @ BTRLAZFHES (pu,0=02, pu,=08, po,
=10-93atm) Tfi/27/. ZOEMKTIE Al, Zr, Ce,
Ca,Ti, Be, Ba,Mg Vd ppmiZf £ CIRETETH 5.
Si WERGREPHY 0°0019CTH %7-% ppm BEE % T
ETELH LR EALNTV. BEEFHRTHAVSSDIE0
5 TdH 5Ca, Al, Mg 2% ppm BE T TRhEINS Z

ERREHEERL L THSD.
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Fig. 1. Relationship between the activities of the impurity elements and the compositions of the
atmosphere. * in the case of pco or pco,=! atm, +roughly estimated.
. » F&IE HO-He-OiE 8 H AFERTH 5. Fig. lick
3. THRAUORER _ s :
NIE puo/tn, OHEBRKEVIFERESIRR DR B k?’
31 £ # WIhL0T, EPRFEARD A TRLFHEQLE

T DR T VI REFNE T 85 B4 40 B 8k (Table 1T F-
<lass TIRLZLD)ZFEREL, 5407 5D %H
WEEBRECHEEL, CREERZIEL, $gosmn
CEHAAR. BRIEGE, BEE, B2y =—or
MLE XOER@a|x%~T 1'0cm ¢ DI W
oo TONEE EREOFEM LU 2. T ORI
Table 1 KiRFEEHDTHB.

32 HRUOEBIFUEHG

IR OIEE T B Z 8 TS AENEL (450 kHz, 10kW)
SR THD. FR XN B O KRE X OHER 100
cm¢ DIETRE XN 15em THS. HRHFOEXZ
9 0'8em, XoEEEK L% 1850°K Tho. HUE

72 LisL _@%ém&ﬁwﬁFm&@éé(ﬂIOH
atm) 7oDIFEE OREIRNBET U CERT ORE:
EbhOTEETH /. EREMTORFFIERITTES
L IAETEHESEEZTY, BTHRLAEFEKQ R
WBATE. T OMBOD I ATk 60~65°C iK%
ORI He HAZWRE ZATED. WHEEEIRC
DA H ZAOBEE T RCRELE 2L T 70~80°C
AR LAKIRQR DR E V72, FFRRAN R DR E LA
WEFBOHOCHEL T 100cm/ min TH 7. FHE
BEREWVIZEIVWEWSIHRED 5 5 DT0°6~5mm
/min OFHEATHL 2. BT ERIBEORAIT X
» 1 mm/min ZEF L.
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Fig. 1 @ B TR L=FRKC N B ek TEKEE
KIWTH) 700 ppm DEERZIART 59, T OEEE
T L2OE ORI ST KA EnEV.
Table 2 No 1~5 ORE Tl FICHILEE L BY
BROBGEFA. (LESHED SREEGEE BV
FEEEOHRENILfThbhsZ &3ba5s. HEXClX
HELREE IR <, NITEESBWIEEH(REINS
L5,
3-4 BEKEEXTTROME

Table 2@ No6 * 7 0B CIIFEKOLE L No
8 DRI TIER I FHIDE R4 T~F2. FERLEE IV
Fhoed 1 mm/min Thor. NobDifs, &
P& Fig. 1| WBTRLADOTHRERKIZ | B TH
D7z, BRI B SECED I SN TERISEOER
CEA LMD U BB 0 2l THRE 0LEE2 555
BECHEEL. No7 04, $ 1 [EHOHKEEL Nob
LRICTHD. ZobLAPORMCFELVHIDOHE

bz 75408 —CHIDTE & LALSEIREL G L CEE .

BEFBICL. OEREFE2EBOBRNETLo7. &
PAKIIBZIKBECTHRO R RNEDDKELZ LD E TR
7. No8 o4, EMORMICER S FRIEZR LT
P HETREBE 2T O/, X5 FHizCa0:Si0; 23 v
ETl: 102 EMENRRKDIENRT VB TESED. &
WIEH LT ZOMK K. BRI B0
Ca(OH): &7 4 F 4 L OBEME Si 20D 5IkT
BOBLIKBRALLEDHA A vKREMZTILEHED
SHETEMORMIBRIAL (EE§ 0°5mm) BHRE

L. BB OAET No 7 OBELREILTHOL.
2 7 RO AR OBZEASEIET H h ERIRES
LTl EVSRENRH DT
3.5 MEDHE

No 6~8 DORPOMELTN 5HNHT, BRIKMLO
BIsE R X RS HSHefTe27. SEEONKR X
CEM Ohhifs 5 S5mm ¢ X30mm [ OILHEEL 24K T
DRI U7z, ZE» S 1 AT O B2t 25 L
THIRINTOZE %\ 7-. No 6~8 OHKDEI D
1 & 24X 700°C T 24hr Rk FESEHBL TCC, NZ
Bk L. 2o 7 EECHEHC OV, SiRE X U4 2
°K ZR5BRIEMEZBIEL £ Ot xskdiz. HERIZ
Table 2 ICR§ & B0 TH5. BEEEMOTEHITONT
K%L Nob & 7TiiiEFUIKHIEERLCE D, No7
DF 2 B H O KFETTOFRFEIIFIRS VT L2
LTw%. No 6 & 8Diffittsr biEA 7 SRR
RERELTHBZ b5, ERKERESZIEL 725
FHIBE M ORI N THESE W LB 5.
2% ) No 6~8 DT C, N OREBT+HHT
BT EERLTH VIR~ No l~5 DOEREER
XL —FT5. BEREHEIETAORB TR IS
Wafilot. TR % Table 2 iR . HHEEHE
Db TTHEE Al, As, B, Ca, Cu, Mo, Mg, Siik
XWX Ti OITETHok. THBTEOEFEIS Dk
CTEEMREDLERLVOT, XOBOOTEITONT
REO®ECHED» LEVEEIOIRI 1 ~4 OB SEH T
X7z, As WHINTH LBE7THE E b BHETEM
WHARTBESMETLTVWS. ELIGERS FHIZ%RM

Table 2. The effects of zone refining on the chemical analysis, optical analysis and electrical

resistivity.
I ” -
Conditions of zone refining Chemical analysis Outical ysiss
) (wt-ppm) prical analysisz Resistivity
Specimen st zone pass 2nd zone pass ratio
No
Zone Atoms- Zone Pr T/
Atmosphere speed here speed C N O H S8Si S8 Al |Al As B Ca Cu Mo Mg Si Ti| 04 90
(mm/min)| P (mm/min)
Original A I T O T T T T S 108
) P —o 5 30+ 9 144° 1'6
2 20 =02 125 30+ 2 14
3 —0 125 30+ 9 1-5
4 ﬁg:;?oa_g,s 06 2 1-2
5 atm 06 30+ 2 1-2
6 ditto 1 2 1 4 2 3 2 2 23 :';’28
7 ditto 1 dry Ho 1 3 3 2 3 2 4 3 x 2 }gzg
. - ) .| 1@
8 ditto 1 ditto 1 4 2 3 4 4 2 4 x ¢ 1866

* By quantometer
X Not detected

+ By chromatic
® As zone refined

® By vacuum fusion
© Annealed in wet-hydrogen after zone refining.

3% Figures show the sequence of line intensity



&

vl

»;

H,0-H;-O: IRE#F AFHRAFIC R 28 OF

VA R B 137

{o)

' 10 L

&

Inclusion

{b)

J

Photo, 1.

Scanning electron micrographs of the fractured surfaces of zone-refined and vacuum-melted

irons. Tensile temperature was room temperature and strain rate 1°8x10~# per second.

(a) zone-refined iron: no inclusions were seen.

SEen.

LB OMIESE WV &b 5. RICHER O & &
HEOEBCFE,LOCHR BRI ORKEZ XA 7 a7
54— TR, B{LIE No6 O HERE
L#z. &H¥oEESR Ca, Co,Cu,Fe,Ga,Mn, Si, Sr,Ti,
V, Zr M Eht. Zhbn b Ca, Cu, Si, Ti
BEXFHSTTRIPHERSIN TV ETETH D W
BRI X 50 MokE 255 BT, 3ERABH
(FiR515k, FHEE 1-8x10-4sec™!, ERIE 42p) O
WHZEERETIAMBE CHEZE L. Photo. 1 ITRT &
30D EMOWBEITIINEDHEH L5 BHFREEE (RBR
Z#ix No 7 LELU) irxiabhizwv., NMEDOKE
BEKEZFRRICIROTEAKRERTELOTH XL, 22
FrBLEEE A3 1 (192 mm / min BAF) 58 5 519,

4. HRAEBRKOBMOME

No 7 LRULHTHBERINIHKEEH T vAs X
CWHIEE L v 1 mmEORICH B, 2055
ARG 3REER ) (EfTE628 mm, %5 mm,[E X 1 mm,
BE) #yndiL, 580°C CEZHSEL &SRR a42
p U7 FEM L RBALEIZ X ) E CEREEDOSE
ABAZES7. EEA R o o BBRERBEE T
RO X DRERE I U7z, SRIEEE 0°C H L8 —78
°C, BI3E#EEEE 0°3 mm/ min (Z5EEEIC LTl 8x 10-4

(b) vacuum-melted iron: inclusions were

36 Vacuum-melted iron
32+ |
- Zone-refined iron
t 28|
\E Vacuum-melted iron
o 2l -
n 20+ q Zone-refined iron
£ 7 NS
2 16t
g 1
E 12} r\./
2
8 -
4t Nominal strain
10 %
0

Strain

Fig. 2. Stress-strain curves of zone-refined and
vacuum-melted irons at the tensile
temperature 0°C and —78°C under the
strain rate of 1'8x10-*¢ per
Grain diameters
rons.

second.
were about 42 mic-

sec™!) ToHo7.

SRR NEd# A Fig. 2 1TR7. 0°CERRIT )
BERERG O TIERIE N 132 kg / mm? ThHoTEM
DEMGEOE X D 55 kg/ mm? K\, IITE{LIX 5%
A5 10% UM E B Ot s O ing T &b
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T, WIRBEEKTIE 2°5kg/mm2 THY, HEMD 36
kg / mm2 i e R THSEWEE D, —78°C 33EDE
EVRETRARIGITTE L WS, T L s sk o
1Z52/hE V. FIBEERIC I 5 FTEKRIEN S X 0T
BLEREROMED WL T 2RRE8 L gk LT
R VEWEERE S TWS. CAIRFEED XA
T/ L& RL TV 5.
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(1) FKFERTOFHRBEIIZE R,

(2) BAFEDTOFEHEIENT, HED I\
TEDH. TORITEBZIEIDOME Prr/Pe.22k 75123 Th
B

(3) . RS 7F| CaO-Si0; % BAT L THh HiEAkE
CHHR L 728k Prr/Pe2ok DfER 157 T, &E
R bHEDO IV TH 5.

(4) (2)(3)THR~F2T Ed b, BR{EASERIHEE)
RS L CERELBE R/ LTV 5 LIBRTES.

(3) B{LIhdWAMMITESBREENDZ &1
FHEPLOTFHEINICEEITHSI, HEoEFHCEE
7B ORI L SRR TE LS E N
TWa. :

(6) FHULEE BV EBRYHBERIIRST 5.

(7) G, NGFERHBETERELIZON.

(8) WHEIZ 0°C 3[3RICIH\VC 13- 2kg/ mm?
EWVSTREMRIC I 2 H L, M OEEHEBSOMEI

3

Tt

T 5°5kg/ mm? {K\. 5%MU» L 10% MUTCES
MOMTELEIHRELETIE 25 ke/ mm® TH D, 5
PO 3°6 kg/mm? 2 TRV
RERETI I he ), FRUBBOWR, X
H XOBRIEHORIEE THIEIT L V2R R IE
L TF Eoh&BHRBITMER OB REEK, EE
D—TMOBVER LG EEERE LT T E 2R NBE
EEEE T3 (MO IR OFER B ERE b L CIUIRERAR K
B OMI % U TTF & 27 AARLE K 0F REFEEE
BERRICIR S E#- 7o L3 (LREISIBL TR
MEZLTFSWE LR RIERSF OBBENILBEE
WE LM 72 U E 3. M & L CERZEMRIC
EDTT SO BERE, THAZNEE DS 2% &V
oLET.
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